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NATIONAL ADVIS0ORY CBMMITTEE FOR AERONAUTICS

TECHNICAL MEMORANDUM NO. 1101

INVESTIGATIONS OF PRESSURE DISTRIBUTION ON
FAST FLYING BODIES®
By G. Stamm

A. INTRODUCTION
B. I. Experiments
(a) On the s.2. vrojectile (v = 780/m/sec)
(b) On a projectile (v = 1550 m/sec)
ITI. Theoretical results
II1. Comparison with the conditions in explosions

C. SUMMARY

A, INTROIUCTION

The questlon to be treated isg how hligh 1s the
pressure in the bow wave caused by & body flying at
supersonlc speed, and how far reachling are the destruc-
tlve efi'ects of that wave? The pressure distributl-on on
an 8.S. and an S. projectile of normal speed has been
ascertulned already by the methods of measurement used
at the Ballistic Institute of the Technlcal Academy of
the German Alr Forces. Now 8lmllar investlgatlons of the
condltions on especlally fast-flylng bodles were carriled
out.

I. Experlments

(e) On the 8.S. projectile.- The pressure 1n the
single cross sectlons perpendlcular to the axls of the
pro jectile may be determined from un interferogram taken
wlth Mach-Zehnder's ilnterference-refractometer. The llnes

#itntersuchungen iiber den Druckverlauf um schnell
fliegende Korper," Zentrale fur wisssnachaftliches
Berlchtswesen der Luftfahrtforschung des Generalluft-
zeugmelsters (ZWB) - Berlin-Adlershof, Untersuchungen
und Mittellungen Nr. 8103.
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of equal ressure 1n a projectile flylng with a speed
of v = 780 meters per second (cal. 7, 9 mm) are shown
in figure 1.

The rise in temperature caused by the (approximately)
adlaebatic compression corresponds to the lncrease in
pressure. At 0.1l atmosphere there results a rise in
temperature of 109 C, at O.h atmosphere an increase of
300 ¢, At the foremost point of the nose of the pro-
Jectile the surface 1s perpendicular to the directlon of
the flow. e assume for thls immedlate reglon the vulues
of pressure and temperature of & plate 1ln perpendicular
flow. There results an lncreuse in pressure of 6.5 atmos-
phere and a rise in température of about 3000 C.

(b) On a nrojectile with u speed of v = 1550 meters
per second.- Another pro jectlle wlth double the speed
(v = 1550 m/sec and cal. 7, 9 rm) was examined and com-
pared with the s.S. projectile. Figure 2 shows the lnter-
ference plcture for that projectile. This plcture 1ls very
similar to the one shown by pro jectiles flylng more slowly,
except for an increase in the dlsarrangement of inter-
ference fringes und a decrease of the angle of the bow
wave.,

Figure l} shows the course of the pressure distribu-
tion. As was to be expected, the boundary pressure of
the bow wave increases about four-folc (that 1s with v2)
compared wlth the boundary pressure at half the speed
(v = 760 m/sec). Tne increase in temnerature caused by
the (approximately) adlabatic compression (without con-
slderation of the friction) also can be inferred from
figure li. These relations can be transferred to othor
calibers of a geometrically similar body. Therc is only
one condltion to be mvt for simllar flows at supersonic
speed: The Mach numbers M = v/a for corresponding
points of the flow to be examined and the model flow have
to agree. Pressure, density,and velocity at geometrlically
similar points are retalned. The relatlons chuange only
in places where the frictlon 1s of lmportance as for
instance the surface of ths projectile.

IT. Theoretical Rusults

According to Prandtl's formula for dynamlc pressure
the result to be expected for the nose of the projectile
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can only be an 1lncrease in pressure with ve, According
to--Prendtl the lncrease 1n pressure at_the stagnatlion
point is

1
P = 3eave

The correction factor assumes up to the Mach number 3 the
value 1.8 and converges, for higher Mach numbers, toward
the value 1.8l;. This means that the pressure within the
range of the Mach number from 0 to 3 Increases somewhat
faster than wilth the square of velocity. TIn all other
regions, however, the pressure ls proportional to ve,
Thersfore, the hlghest possible pressure at the nose 1s
28 atmospheres (M = L.5).

The theory of cinical nrojectlles &also proves that,

Ao
for higher hach numbers, the value —-—Jﬁl— approaches
k(v/a)2
Ap/p

e constant value (compare fig. 5). (The value
k(v/a)a
gives a measure for the pressure at the surfeace of the
projectile which i1s certalnly always Ligher than the
pressure at the bow wave.) From this fact there results:

Ap/p = prop. (v/a)2 = prop. v2

IITI. Comparison of the Pressure Effect of the Bow Wave
With the Pressure Effect of a Shock Wave
Caused by &n Exploslve
An example wlll show how to compare the two effects.

The caliber of the projfectile shall be 180 centimetersa.
The shock wave soreads perpcndlcular to the bow wave at
about sound veloclity. The pressure dilstrlibution 1s simllar
to the ons in a detonation. (Pressure dlstribution for a
cross section g 1in 9 cal. dlstance from the nose of the
nro jectile.) (See fig. |} and fig. 6.)




L NACA TM No, 1101

The time elapsing from the pressure drop to the pres-
sure O atmosphere is abtout 3 to meters for all cross
sections. The destruction of for instance a wlndow pane
depends on the length of time 1t 1s exposed to pressure
a8 well as on the magnitude of the pressure striking upon
1t. The necessary pressure 1s 0.5 atmosphere; this figure
results from the cdlazrems on the duraticn of excess pres-
sure aeg a function of the dlstance that were obtalned at
the Ballistlic Institute of the Technical Acacemy of the
German Alr Porces Gatow and from the characterlistic lines
of dostruction for wlndow panes &as a function of pressure,
dlstance, and quantlty of e4unlosive matter that were
uscertained there ulso., Tnls prossure occurs so close
to the projectile that it lu still recorded in figure l.
At a csliber of 1.8 meter the pressure of 0.5 atmosphere
anpears at a dlistance of 3 metexrs from the projectile.

Not more than about 20 g ol explosive would be necessary

to destroy & wlndow pane at tnat ulstance. If the destruec-
tion of objJects other than window ranos 1s lntended these
observations can bte carried out only when the character-
1stic 1lines of destruction are known., Ons then will
probably obtaln no longer an amount of bursting charge

of 20 g. But the new result wlll not ulffer essentially
from the former one.

SUMMARY

A prolectile wlth the speed of v = 1550 meters per
second was expended 1ln order to test how fur reaching the
destructive effects cauced by the bLow wave of an especlally
fust-flylng tody will be. The prcssurc distrlibution
around the projectlle was measured by means of an inter-
ference method. The result was that the pressure increases
with about +v2 and that the destructive effects caused
by the bow wuve cun be attalned, even at a callber of
1.8 meters, by a guantity of ex»losive matter no larger
than about 20 g.

Trenslation by Mfary Mahler
Nationanl Advlisory Committee for Aeronauvtics
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Pressure distribution around an s.S.
Projectile . V=780 m/sec

Figure 1.

Fig.
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Fig. 4
Yo, Pressure distribution around a projectile
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Figure 4.
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